black hole. In the current cosmological paradigm, the interstellar medium present in the galaxy disk gets consumed by the formation of new stars but is continuously replenished by the cooling of hot gas present in the galaxy dark matter halo 12 .
However, there are several physical processes concurring to remove gas from galaxies especially in dense environments such as galaxy clusters and groups 3 . Ram pressure stripping due to the pressure exerted by the intergalactic medium on the galaxy interstellar medium is considered the most efficient of such processes 4 . The galaxy loses its gas because the ram pressure overcomes the local binding energy, and in those regions of the galaxy where gas is removed, the formation of new stars is inhibited. However, before quenching the star formation, ram pressure can produce an enhancement of the star formation rate, as thermal instabilities and turbulent motions provoke the collapse of molecular clouds 13, 14 .
The most spectacular examples of galaxies undergoing gas stripping by ram pressure are the so called "jellyfish galaxies", named this way because they have "tentacles" (tails) of gas and newly born stars that make them resemble the animal jellyfishes 5, 6 .
In this work, we show that there is a close link between strong ram pressure and AGN activity in jellyfish galaxies, establishing for the first time a probable causal connection between the two phenomena. Our findings are based on GASP (GAs Stripping Phenomena in galaxies with MUSE 15 , http://web.oapd.inaf.it/gasp), which is an ESO Large Program aimed at studying where, how and why gas can get removed from galaxies. GASP studies 94 z=0.04-0.07 galaxies in clusters, groups and the field selected from optical images to have unilateral debris and asymmetric morphologies suggestive of gas-only removal mechanisms. Spatially resolved gas and stellar kinematics and physical properties are obtained with the MUSE spectrograph on the Very Large Telescope.
For the present work, we have selected all the cluster jellyfishes observed so far by GASP which have striking tails/tentacles of ionized gas, as seen by MUSE in the Hα line in emission at 6563 angstrom (Å). We have selected those galaxies whose Hα tentacles are at least as long as the galaxy stellar disk diameter (see Extended Data Table 1 ). These are all massive galaxies, with stellar masses between ∼ 4 × 10 10 and ∼ 3 × 10 11 M .
The Hα velocity maps of the 7 galaxies selected are shown in Figs. 1 and 2 ((b) and (c) panels) and contrasted with the corresponding stellar velocity maps ((a) panels). The figure illustrates the long extraplanar ionized gas tentacles extending out to between ∼ 20 and ∼ 100 kpc.
In contrast, the stellar velocity field is regular and shows that the stellar kinematics is undisturbed by the force acting on the gas. The comparison between the gaseous and stellar morphologies and velocity maps shows that these galaxies are undergoing a gas-only removal mechanism due to the impact of the intracluster medium (ICM) such as ram pressure stripping. Ram pressure calculations supporting this hypothesis for some of these galaxies are presented in the individual galaxy studies 15, 16, 17 .
The main result is shown in Fig. 3 . We use standard diagnostic diagrams of emission-line ratios to assess the mechanism responsible for the gas ionization. 18, 19, 20, 21 .
According to the MUSE line ratios, the galaxy central regions are powered by AGN emission in JO201, JO204, JW100, JO206 and JO135. In JO194, the central emission is LINER-like, as it is in a slightly larger annular region surrounding a star-formation dominated ring. In contrast, line ratios in JO175 are consistent with photoionization by star formation in the center and throughout most of the disk and tails.
Thus, the great majority (5/7) of our jellyfishes host an AGN that is evident from the MUSE spectra. This is at odds with the fact that only 3% of emission-line galaxies with a spectroscopic classification in clusters at low redshift show evidence for AGN activity 22 (this fraction is only slightly higher, ∼ 8%, among field galaxies 23 ). The AGN in our galaxies are responsible for the ionization in a central region that is generally quite extended, up to 10kpc in diameter (e.g. JO201, Fig. 3 ).
Three of our galaxies (JO201, JO204, JW100) have two spectral components with different velocities. The two components correspond to gas at different velocities that are seen in projection along the line of sight. Interestingly, the two components in Table 1 . The conclusion that AGN emission is widespread in our jellyfish sample is further reinforced in the summary diagram in Extended Data Figure 1 .
The high incidence of AGN among the most striking jellyfish galaxies uncovers a link between nuclear activity and strong ram pressure stripping. Two scenarios can be envisaged. In the first one, the ram pressure is capable of funneling the gas towards the galaxy center, causing gas accretion onto the central black hole and triggering the activity. Hydrodynamic simulations have found that when galactic gas interacts with the non-rotating ICM it can lose angular momentum and spiral into the central region of a galaxy 24, 25, 26 . Another possible method by which ram pressure stripping could feed an AGN is inflow of gas towards the galactic center generated by oblique shocks in a disk that is flared due to the magnetic field 27 .
The second scenario foresees the AGN injecting a large amount of energy into the ISM, thus decreasing its binding energy and making it more easily stripped, or even directly ejecting it from the galaxy 28 . In this case the AGN feedback would increase the efficiency of ram pressure, and is an important component producing the striking jellyfish appearance.
To discriminate between these two hypotheses, we show in Fig. 4 the location of our jellyfishes in a projected position vs. velocity phase-space diagram. The expected ram pressure increases with the ICM density, which gets higher going to the cluster center, and with the square of the differential velocity 4 . Thus, the most favorable conditions for ram pressure are at low radii and high ∆v cl 29 ,
where most of our jellyfishes are located (Fig. 4 , see also Methods).
Thus, the phase-space diagram strongly supports the hypothesis that it is ram pressure that triggers the AGN, and not viceversa. If the AGN were making the ram pressure efficiency anomalously high,
there is no reason this should happen at the observed, most favorable location in the phase-space diagram. This does not exclude that the energy injected by the AGN contributes to an efficient gas loss, and helps creating the spectacular tails we observe, with a sort of "AGN-feedback" in a cycle of ram pressure triggering AGN favoring ram pressure. Simulations of ram pressure stripping including an AGN do not exist yet, but would be very valuable for interpreting our discovery. Correspondence and requests for materials should be addressed to bianca.poggianti@oapd.inaf.it.
MAIN FIGURE LEGENDS
Fig. 1 TITLE: MUSE stellar velocity map and Hα map for JO201, JO204 and JW100.
MUSE stellar velocity map ((a) panels) and Hα velocity map ((b) and (c) panels) of our jellyfish galaxies. JO201, JO204 and JW100 have regions with two line components separated in velocity, and their gas velocity maps are plotted separately (panels b) and c)). Contours in all panels are stellar isophotes and indicate where the galaxy stellar disk is. In the a) panels, the scale in kpc is indicated by a bar and the arrow points in the direction of the cluster center. North is up and east is left. The latter is defined as the projected radius delimiting a sphere with interior mean density 200 times the critical density of the Universe. In this plot, velocities and radii are lower limits to the three dimensional velocity of the galaxy through the ICM and clustercentric distance, respectively.
The location of our jellyfishes is signposted by the stars. The only jellyfish with no AGN, JO175, is marked with a white star. The number density of all cluster galaxies from the OMEGAWINGS sample at each location in the diagram is color coded (see bar on the right hand side). The darker orange regions trace the location of the oldest cluster members, that live near the cluster core (at low |∆v cl |/σ cl ) after having settled into the potential well. Thus, the position of the jellyfish galaxies in phase-space implies that they are being stripped on first infall onto che cluster. The curve represents the escape velocity in a dark matter halo 30 .
METHODS
In this work we adopt a standard concordance cosmology with H 0 = 70 km s
and Ω Λ = 0.7 and a stellar Initial Mass Function from 31 . The OMEGAWINGS spectroscopic catalog used to generate Fig. 4 is taken from 32 .
Observations and line fitting
The galaxies analyzed in this paper have been observed by the GASP program with 1 or 2 (depending on the lenght of the tails) MUSE pointings of 2700sec each in service mode, with seeing conditions ≤ 1 arcsec. The MUSE spectrograph 33 has a 1'X1' field-of-view with 0.2"X0.2" pixels with a spectral range 4800-9300Å at 2.6Å resolution. Prior to the analysis, the datacube is averagefiltered in the spatial dimension with a 5X5 pixel kernel, corresponding to 1 arcsec (the upper limit of the seeing)=0.8-1.1 kpc depending on the galaxy redshift. No smoothing nor binning is performed in the spectral direction. The observations, data reduction and analysis tools are described in details in 15 .
Emission lines in the datacube are fitted with gaussian profiles with KUBEVIZ 34 , a public IDL software that uses the MPfit package and provides gas velocities (with respect to a given redshift), velocity dispersions and line fluxes. KUBEVIZ can attempt a single or a double component fit (see 16 for details). Three of the galaxies presented in this work -JO201, JO204 and JW100 -require a double component fit, for which we have shown velocity and diagnostic diagrams for each one of the two components separately. None of these galaxies have a broad component in permitted lines (Seyfert1), with Hα widths (σ) up to a few hundreds km per sec.
In JO135, there is a small central region (white in Fig. 3 ) where a line gaussian (even double)
fit cannot be obtained. Inspecting the MUSE spectra, it is clear that this is due to the very strong asymmetry of the lines indicating a very powerful nuclear outflow. We note that the literature reports an 8kpc AGN outflow in another jellyfish galaxy, NGC 4569 in the Virgo cluster 35 .
The line intensities in Extended Data Figure 1 are measured from KUBEVIZ in mask mode, masking out all the spaxels outside of the region of interest. In this case KUBEVIZ was run in interactive mode, to verify visually the quality of the fit. The errorbars are computed propagating the KUBEVIZ errors on the line fluxes, and are small thanks to the very high signal-to-noise of the spectra.
Analysis techniques
The results shown in 17.78 Gyr. After having accurately masked spurious sources (stars, background galaxies) in the galaxy proximity, and having degraded the spectral library resolution to our MUSE resolution, we performed the fit of spatially binned spectra based on signal-to-noise (S/N=10, for most galaxies), as described in 41 , with the Weighted Voronoi Tessellation modification proposed by 42 . This yields maps of the rotational velocity, the velocity dispersion and the two h3 and h4 moments using an additive Legendre polynomial fit of the 12th order to correct the template continuum shape during the fit. 
Shocks induced by gas flows (in our case, by ram pressure) can give rise to line ratios that occupy also the "AGN" locus in the diagnostic diagrams 47 , however the spatial distribution of the AGNdominated spaxels, at the galaxy center, makes it very unlikely this is due to ram pressure shocks (which would be observed at the shock fronts with the ICM), and strongly favors the AGN hypothesis.
The ram pressure can be computed 4 as P ram = ρ ICM ×∆v 2 cl , where ρ ICM is the ICM density and ∆v 2 cl is the differential galaxy velocity with respect to the cluster, as in Fig. 4 . Figure 4 shows that most of our jellyfishes are indeed in the conditions of strong ram pressure, being at very high (JO204,JO206, |∆v cl |/σ cl > 1) or extremely high (JO201, JW100 and JO194, |∆v cl |/σ cl > 2.5) velocities, and very small (projected) radii. JO135 is at a small projected clustercentric radius, but its relative radial velocity is lower than the other AGN. However, its 3D velocity relative to the ICM might be much larger if the tangential velocity (along the plane of the sky) is much higher than the radial velocity, as suggested by Fig. 2 
Data Availability Statement
The MUSE data that support the findings of this study are part of the Phase3 data release of the GASP program and will be available in the ESO Archive at http://archive.eso.org/cms.html. The first GASP public data release, including the data regarding this article, will be released at the end of 2017.
ADDITIONAL REFERENCES USED IN THE METHODS
are shown as separate points. The errorbars are computed propagating the errors on the line fluxes obtained by KUBEVIZ, scaled to achieve a reduced χ 2 = 1 as described in 15 . 
